temporomandibular disorder (3, 4) . The anticipated pain, swelling and trismus may be expected and are most severe during the first three days (maximal at 36-48 hours) settling over 5-7 days. At three weeks post-operative, the residual symptoms (if any) should have resolved provided that healing is not complicated by soft or hard tissue infection or inflammation. Sensory functions should have returned to normal as well (4) . Thus, the timeline of this study is one week, one month, three months and six months after surgical removal of third molar.
The term temporomandibular disorder (TMD) is defined as a subgroup of craniofacial pain problems that involves the temporomandibular joint (TMJ), masticatory muscles, and associated head and neck musculoskeletal structures. According to a study done among the adults in United States, 40%-75% of the population develop signs of TMD, and 33% of the population having at least one symptom of TMD (5) . In Toronto, Canada a study on 1002 individuals had reported that 48.8% of the population is associated with symptoms of temporomandibular joint disorders (6) . Patients with TMD most frequently present with pain, limited or asymmetric mandibular motion and TMJ sounds. Other common associated symptoms are ear pain and stiffness, tinnitus, dizziness, neck pain and headache. Physical assessment consists of observation and measurement of mandibular motion (maximum inter-incisal opening, lateral movements and protrusions), palpation of the muscles of mastication (masseter, temporalis, medial and lateral pterygoid muscles), cervical musculature at the posterior and anterior neck, palpation or auscultation of TMJ and examination of the oral cavity, dentition, occlusion and salivary glands.
The causes of TMD are complex and multifactorial. There are three types of factors that may lead to development of TMD: (i) predisposing factors; factors that increase the risk of TMD (Iii) initiating factors; factors causing the onset of TMD (iii) perpetuating factors; factors that interfere with healing or enhance progression of TMD (7) . Example of initiating factor is trauma or adverse loading to TMJ, while perpetuating factors may include behavioral, social, emotional and cognitive factors. Based on a retrospective study carried out in a TMD clinic in France, the two most prevalent factors were toothclenching (77% of patients) and psychological stress (59.3%), followed by antecedents of wisdom tooth extraction (34.3%) (8) . In line with the understanding that third molar removal is a risk factor for TMD, Deangelis has highlighted the importance of preoperative evaluation of the TMJ apparatus prior to carrying out the surgery (9, 10) .
The development of signs and symptoms of TMD following third molar removal is a logical possibility since the surgery involves opening the mouth wide for a prolonged period and the force applied to remove the impacted third molar might prove to be detrimental to the nearby anatomical structure; i.e. the temporomandibular joint. The location and severity of third molar impaction could also be a contributing factor considering the proximity of third molar to the TMJ.
The clinical protocol used in this research, the Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) is an established diagnostic instrument for TMD which was first published in 1992. It has been revised and modified since to provide clinicians with the complete and concise method of examination, diagnosis and classification of the various subtypes of TMD. The advantages of DC/TMD are: i) guidelines for systematic, clinical examination of TMD, ii) measurable terms for major clinical variables, iii) demonstrated reliability and iv) combination of recorded physical findings involving behavioral, psychological and psychosocial status (11) .
Although third molar surgery is carried out frequently here in Oral and Maxillofacial Surgery department of University of Malaya, there had been no investigation done to study the incidence of Temporomandibular Disorder following the surgery. Therefore, it is of paramount importance for more studies to be done to investigate the association of TMD with third molar surgery.
Hence, this study is conducted with the following aims: (i) to examine the presentation of signs and symptoms of TMD after third molar surgery, (ii) to examine the various aspects of third molar surgery that could lead to development of TMD, and (iii) to compare the incidence of TMD between patients and a non-operative control group six months after third molar surgery.
MATERIALS AND METHODS

Study Design:
This descriptive longitudinal (cohort) study is done under the authorization of University of Malaya Dental Faculty Ethics Committee. The study was conducted at the Oral and Maxillofacial Surgery Department, Dental Faculty University Malaya, Kuala Lumpur, Malaysia. The subjects taken for this study were all recruited from the clinic's out-patient list. Subjects were briefed on the study objectives and procedures before signing the informed consent. The study is done within an eight-month time-frame; the first two months were utilized to recruit patients followed by a six-month evaluation period.
Study Population:
This study was a prospective cohort study implemented by having two study groups of subjects. The first group (test group) consists of twentytwo subjects (n=22) presenting for evaluation and extraction of third molar. The second group (control group) is the non-operative group comprising of twenty patients. The test group comprised of any patient indicated for third molar surgery presenting with none of the following exclusion criteria: patients with history of mandibular third molar surgery, patients presenting with TMD or painful physical conditions, bruxism, psychiatric or medical conditions that might impair communication or compliance, contraindications to analgesics, use of analgesics or anti-inflammatory drugs within 12 hours preceding assessment, concomitant use of sedatives or microsomal enzyme inducers. In the first two months of study, patients scheduled for third molar surgery with no exclusion criteria were enlisted under the test group. Evaluation and examination was done on each subject at baseline (pre-operation), one week, one month, three months and six months after third molar surgery.
The second group (control group) was extracted from the population with no indication of third molar surgery. The subjects of this group have the following inclusion criteria: aged at least 18 years old, both genders, no indication for third molar surgery treatment before or during the study period. The control group were excluded from any history of mandibular third molar surgery, other painful physical conditions, psychiatric or medical conditions that might impair communication or compliance with the study procedures, use of NSAIDS or other analgesic drugs within 12 hour preceding the assessment and concomitant use of sedatives.
Surgery:
The third molar surgeries for the test group were carried out in accordance to several standardized parameters. In terms of the surgical techniques, the following procedures were made constant: local anaesthesia (2% lidocaine) was administered for inferior alveolar nerve (ID) block, buccal infiltration and lingual infiltration with no specific dosage. This is followed by an incision and opening of mucoperiosteal flap, bone removal with round bur, tooth extraction, socket debridement and wound closure with Vicryl 3-0 or 4-0. On the other hand, the following parameters were used as variables for this study; a) Qualification level of operator: Undergraduate/ Postgraduate/ Lecturers (b) degree of impaction of mandibular third molar (according to Pell and Gregory Classification, as described in Fig. 1 and Table 1 ), (c) Duration of the procedure (d) usage of mouth prop (12) . Post operatively, the patients were prescribed with analgesic and antibiotic (Amoxycillin and Paracetamol) according to individual needs. This was followed by patient evaluation one week, one month, three months and six months after surgery.
In the control group, assessment and evaluation were made at baseline and six months after the initial examination. Within the six months, any emerging signs and symptoms experienced by the subjects were reported and recorded. Class II One half of crown of 3 rd molar is in the ramus of mandible.
Class III
All or more than half of the crown of 3 rd molar is in the ramus of mandible.
Position A The highest portion of the impacted tooth is on a level same or above the occlusal plane of 2 nd molar.
Position B
The highest portion of the impacted tooth is between the occlusal plane and cervical line of 2 nd molar.
Position C The highest portion of the impacted tooth is below the cervical line of 2 nd molar.
DC/TMD Method
The subjects were examined according to the Diagnostic Criteria for TMD (DC/TMD) which is a validated and reliable evidence-based instrument used to identify patients presenting with TMD signs and symptoms (13, 14) . This protocol comprises of clinical examination (Axis I) and history questionnaire (Axis II). Axis I includes demographics, symptom questionnaire and clinical examination of the mouth opening, the presence of pain upon palpation of the masticatory muscles and the TMJ, as well as the presence of any noises of the joint (e.g.: clicking, crepitus) during function. Two examiners were involved in the process and they were calibrated based on the comprehensive guidelines given in the DC/TMD instrument. Axis II on the other hand measures jaw disability, parafunctional habits, psychologic status and psychosocial functioning of subjects.
Statistical Analysis
In order to analyze the data collected and achieve the objectives, Fisher's Exact test was used to determine the association between the variables. It was used to determine whether the surgical components have any bearings on TMD diagnoses post-operatively (second objective) and to test for differences between the test and control group in terms of TMD diagnoses after 6 months (third objective). The choice of this statistical test is due to the categorical nature of the variables and the small sample size. These statistical calculations were carried out using the Statistical Package for the Social Sciences (SPSS) version 12.0.1.
RESULTS
A total of 22 patients were selected as patients for the operative group (8 men, 14 women) with the mean age of 24 years. Twenty subjects (6 men, 14 women) were recruited for our control group with the mean age of 23 years. A majority of the subjects are Malay and Chinese with an approximately equal distribution of 55% and 36% respectively, with the exception of two people from the operative group being Indians. More than half of the subjects are not married with educational background of at least secondary school. Their monthly household incomes fall into the categories of RM 1000 -RM 3000 (54%), RM 3000 -RM 5000 (32%) and above RM 5000 (14%). All patients from the operative group who came to the department were indicated for surgical removal of impacted mandibular third molar, out of which 9 % (n= 2) of them also had forceps extraction of the opposing maxillary third molar. The surgeries were carried out by operator with varying qualifications; either by undergraduate dental students, oral surgery trainees or dental officers at the Faculty of Dentistry, University of Malaya. The Pell and Gregory Classification were used to classify the degree of impaction and nearly 41% of the patients presented with class 1A. The surgical procedure for the operative group patients were mostly completed in less than an hour and only 7 of them lasted for about 1-2 hours. Mouth prop was used in all the surgeries.
Axis I: Solitary symptoms and signs of TMD in patients during the 6-month observation period
Examination on the signs and symptoms of TMD was performed based on the DC/TMD Examination Form, in which assessment of facial pain and headache location, opening patterns, jaw movement limitations, TMJ noises, joint locking and muscle/ TMJ pain were done. It was discovered, from Figure  1 , that 32% of patients (n= 7) have reduced non painful jaw opening one week after surgery from an average of 45mm (pre-operative) to 37mm (postoperative). At final review, 46% of the patient group (n=19) reverted to their baseline mouth opening values with an average of 46mm with the exception of three patients who presented with reduction of 5mm from baseline and average mouth opening of 45mm. Facial pain and headache were recorded as common findings in all patients in this group during the one week review which resolved in the following one month, three months and six months reviews. The incidence of clicking of TMJ is recorded in 9 patients at baseline and three of the 13 patients who came for one week review were still having clicking TMJs. There was no new incidence of clicking at one week and final review among the rest of the patients. Muscle pain upon palpation was recorded in one patient at baseline with 3 new incidences at one week review. The newly developed muscle pain was mainly found in the masseter muscle (insertion). Only one patient reported persistent muscle pain at all post-operative reviews. This patient also presented with newly developed TMJ pain at 1-month, 3-month and 6-month reviews. Additionally, at 3-month review, there was also another new incidence of supplemental muscle pain upon palpation, at the posterior mandibular region. These two patients, with newly developed TMD, were found to have no significant surgical components that could have contribute to their TMD manifestation. Both of these patients had degree of impaction 1A, duration of procedure was less than an hour, and the surgeries were carried out by lecturers.
Axis II: History Questionnaire
It is well accepted that psychological factors and physical functioning are closely associated to the development of TMD. These psychological and physical aspects have been comprehensively accounted for under Axis II of DC/TMD instrument under several domains: (1) pain intensity, (2) nonspecific physical symptoms and functioning and (3) emotional functioning. At baseline, most of the patients were reported as having mild physical symptoms, mild depression and anxiety scores. Only two patients presented with Graded Chronic Pain Scale score of Grade II-High, indicating painrelated interference in daily lives. Three patients complained of difficulty in chewing. At the 1 week review appointment, one patient presented with newly-developed symptoms of psychological distress while another patient recorded an increase in the depression score. Limitation of jaw activities is anticipated following third molar surgery. Six out of 13 patients who came for 1 week review complained of difficulty in chewing tough food, making facial expressions, talking and yawning. Nevertheless, the jaw activities of all the patients returned to normal ranges on the subsequent reviews. Parafunctional habits such as clenching and grinding has been found to have significant relationship with symptoms of myofascial pain. The incidence of such habits at baseline and reviews were found to be 19% in the patient group (n=4), with 3 patients having bruxism and one patient having clenching habit during the day. Meanwhile for the control group at baseline and 6-month review, only 15% of the subjects (n=3) exhibited parafunctional habit. 
DISCUSSION
This study is focused on the investigation of the development of signs and symptoms of temporomandibular disorder following third molar surgery between two groups of subjects (patient group and control group) within a 6-months period. At baseline, 9 (41%) patients from the test group and 2 (11%) patients from the control group were examined to have existing solitary signs and symptoms of TMD (Table 1) . Final examination was carried out at 6 months and 3 months post-surgical extraction.
Among the patients that were examined at final review, it was found that two patients from test group (9%) reported incidence of newly developed signs and symptoms of TMD. There were no significant changes among the remaining healthy patients and patients with existing signs and symptoms of TMD. However, at one week post-surgical extraction, we found an increase occurrence of signs and symptoms of TMD among the subjects of the operative group. The symptoms were limited mouth opening, TMJ noises on palpation and muscle/ TMJ pain. Subjects were also found to have increased pain-related physical disability. Pain, swelling and trismus were the commonest complaints following third molar surgery (11) and they are thought to arise from inflammatory response which is a direct and immediate consequence of the surgical procedure (15) . Upon clinical assessment of the test group at 1 week review as shown in Figure 1 , there was increased incidence of trismus (92%), myofascial pain (69%) and clicking (77%) as compared to baseline findings. At the 3-month and 6-month reviews, as in Figure 2 , it was reported that there were only two new incidences of newly developed TMD. The signs and symptoms reported were myalgia of the temporalis muscle and posterior digastric muscle as well as pain around the lateral pole of TMJ.
One of the aims of our study is to investigate the association between third molar surgery and the development of TMD. The surgical parameters that were taken into account were operator qualification, degree of impaction and duration of procedure. However, it was found that none of the said parameters have any significant adverse effect on the temporomandibular joint. Our statistical analysis using Fisher's exact test yielded insignificant results correlating degree of impaction, operator's qualification and duration of procedure towards TMD with p=0.616, p= 1.00, p=1.00 respectively. The two patients with positive newly developed TMD were both operated by lecturers in less than an hour with the same degree of impaction; involving less than half of crown in the ramus. Alongside with these findings, the rest of the operative patient group who did not develop TMD after third molar surgery also have various operator qualification, duration of procedure and degree of impaction. To reinstate, based on our results, there is no relationship between the surgical components and the development of TMD. On the contrary, some literatures have reported otherwise. These literatures have stated that increase in the force used, duration of time and degree of impaction of the third molar would increase the post-operative complication, one of which is TMD (16) . Third molar removal involves prolonged maximum opening with exertion of high magnitude of force during elevation of the tooth. Such uncomfortable nature of procedure could strain the ligaments and muscles of the TMJ with possible disc displacement (18) .
Third molar surgery, involving deeply impacted tooth with close proximity to the mandibular canal pose a risk of traumatizing the nerve in hard and soft tissue, leading to central and peripheral neurons sensitization and subsequently increased pain perception (19) . Apart from that, the inflammation at surgical site could contribute to sensitization which could spread to adjacent structures leading to chronic pain of the masticatory apparatus (19) . As mentioned earlier, there were two patients who presented with newly developed signs and symptoms of TMD at the 3-months and 6-months reviews. The signs and symptoms recorded were persistence of muscle pain (posterior digastric muscle, temporalis muscle and medial pterygoid muscle) and pain around lateral pole of TMJ. This occurrence could be attributed to the peripheral or central sensitization after the surgery. The said sensitization could tip the balance of pain threshold towards neuropathic pain, theoretically emitting positive signs and symptoms of TMD (20) . Therefore, from our findings, the signs and symptoms experienced by the two patients from the test group resemble that of myofascial TMD and arthralgia.
Out of the 20 subjects that were recruited in the control group, Fisher's Exact Test showed significant statistical difference; p=0.017 between test group and control group at baseline. As shown in Table 1 , it was found that 11% (n=2) of them had preexisting signs and symptoms of TMD. This finding was consistent at the final 6 months review, suggesting that there was no new incidence of TMD among the control group. Comparing the incidence of signs and symptoms of TMD between the patient group and control group, at baseline, 41% of the patients from operative group had preexisting TMD. However, at final review, our finding revealed that there is an increase in the number of patients (50%) with TMD. As a result, our study indicates that there is an increment of 9% (n=2) in the incidence of TMD following third molar surgery in the patient group. Fisher's exact test showed a positive significant difference; p=0.007 between the patient group and control group at 6-month review.
Apart from clinical examination, the DC/ TMD incorporates assessment of jaw disability during function, non-specific physical symptoms, psychological status and oral behavior of the subjects. This is in line with the current evidence supporting the detrimental effect of these aspects on signs and symptoms of TMD (24, 25, 26) . One of which is a study done is Japan, with positive relationship between emotional stress and TMD (27) . At baseline, patients with existing signs and symptoms of TMD also demonstrated relatively high psychological distress, disability score and unfavorable oral habits. At the final 6 months review, these patients have consistent report of such manifestations. Hence these psychological and oral behavioral components can be said to be characteristic findings among patients with TMD. Most of the patients have depression scores of mild to moderate levels, and were reported as having some form of parafunctional habits such as clenching and grinding during sleep.
Myofascial pain was reported in subjects with clenching, facial trauma, depression, somatization and talking with the phone resting on the shoulder. According to the study by Bonjardim LR et al., and Mazzetto MO, it was found that TMD was aggravated by heightened level of anxiety (21, 22, 23) . Magnitude of pain threshold was found to be reduced in patients with depression, stress and mood and concurrently increase risk of TMD. Hence, pain sensitivity associated with psychological factors was found to influence risk of TMD. The common somatic and psychological complains that the patients with TMD normally present with are fatigue, headache and trouble sleeping. These physical symptoms are commonly associated with TMD (24) . The relationship between insomnia and non-specific pathogenic pain in the TMJ area suggest a central sensitivity to pain which could have an etiologic role in idiopathic pain disorder (25) .
Many literatures had come to an agreement that parafunctional habits have an influence on the development of TMD (26, 27) . At the final review, from the patient group, 45% of the patients with TMD and from the control group, all subjects with TMD were discovered to exhibit parafunctional habits of different frequencies. Parafunctional habits play an etiological role in TMD due to the excessive force exerted on the dentition and masticatory structures through their prolonged use when carrying out these habits (26). From our study, the patients shared some common oral behaviors, such as clenching, grinding, chewing on one side and placing pressure on jaw when sleeping. From previous studies, more emphasis had been given on the effects of clenching and grinding on TMD. Clenching habits cause masticatory muscle pain through trauma to muscle fibers or decreased blood supply (26). Apart from that, clenching and grinding could contribute to TMJ disc displacement. This is due to abnormal distribution of stress in the disc during the static and dynamic movements of the joint structures. In addition, unilateral chewing habits could lead to remodeling of the TMJ apparatus (28) . It was discovered that the favorable chewing side exhibit a higher condylar path and flatter lateral anterior guidance angles (28) .
Postural habits involving prolonged applied pressure to the jaw such as abnormal sleeping positions and jaw cupping habit are related to abnormal head, neck and jaw posture (28) . Abnormal posture could alter the neuromuscular influences on masticatory structures hence, inducing incidence of TMD signs and symptoms (28) .
These psychological and behavioral aspects of TMD assessment covered under Axis II of DC/ TMD is of paramount importance in the treatment planning stage of this chronic pain condition. TMD is a multifaceted disease with various clinical presentations and etiological factors. Hence, it requires a multidisciplinary approach comprising of clinical/surgical, psychological and behavioral managements.
There were limitations to our study. Our tight clinical schedule overlaps with the minor oral surgery schedule, as most of the surgeries were done during weekdays in the morning. Moreover, the semester break was occupied with postgraduate examinations and conference, so there were less scheduled surgeries. Finally, we experience time constrain when doing this study. This is because of the limited time provided and the nature of our study that requires 6 months follow up. Hence we had a narrow time window to recruit subjects for our study. All these limitations resulted in our low sample size thus, resulting in the use of non-parametric test of a weaker statistical power. Therefore, further studies of a larger sample size on the incidence of signs and symptoms of TMD are recommended in the future in order to generate more statistically significant results.
CONCLUSION
This prospective cohort study found that there are new development of solitary signs and symptoms of TMD following third molar surgery in the operative patient group at final reviews of 3 months and 6 months. There was increased incidence of TMD signs and symptoms at 1 week review which mainly consists of limited mouth opening, muscle pain and TMJ noises with complete remission to baseline, except for one patient with persisting presentation. Additionally, there was one new incidence of myofascial pain related to TMD at 3 months final review. Since there was no change in the number of positive TMD in our control group at 6 months, within the limitation of this study, it can be concluded that there is statistically important difference of newly developed TMD between patient and control group after 6 months. Finally, among the patient group, there is no significant association between the surgical components and the development of signs and symptoms of TMD at final reviews.
